The benefits of physical activity (PA) for older adults have been demonstrated in reduced prevalence of common chronic conditions, improved mental health, decreased cognitive decline, and reduced mortality rates. Less is understood concerning the health impacts of light-to-moderate intensity PA. The purpose of this study was to estimate light-to-moderate PA frequency levels-low (0-2 days/week), intermediate (3-4 days/week) and high ( ‡5 days/week)-among AARP Medicare Supplement insureds, identify characteristics, and estimate the association of PA levels with the prevalence of selected chronic conditions, health care utilization, and expenditures. In 2015, surveys were sent to a random sample of insureds. PA was determined from survey responses querying self-reported days per week of at least 30 minutes of light-to-moderate PA. Multivariate regression models, adjusting for confounding covariates and survey nonresponse bias, were utilized to determine the characteristics and association of intermediate and high PA levels with health outcomes. In a second analysis, results were stratified by age groups: 65-69, 70-79, and ‡80 years. Among survey respondents (n = 17,676), 23.3%, 33.9%, and 42.9% engaged in low, intermediate, and high PA, respectively. The strongest predictors of intermediate and high PA included being male, younger, self-reporting better health, using fewer prescription drugs, and being less likely to be diagnosed with common chronic conditions or depression. Those engaged in intermediate and high PA, overall and across age groups, had significantly lower health care utilization and expenditures and lower prevalence of most chronic conditions. Efforts to increase intermediate and high levels of PA among older adults should be encouraged.
Introduction
T he health benefits of physical activity (PA) for older adults have been well established in the scientific literature. [1] [2] [3] Numerous outcomes have been studied to document associations with PA, including reduced prevalence of common chronic conditions (eg, cardiovascular disease, diabetes, hypertension), [4] [5] [6] [7] improved mental health [8] [9] [10] (eg, depression, stress), quality of life, [8] [9] [10] [11] [12] increased physical function, 7, 9, 13, 14 decreased cognitive decline 15, 16 (eg, dementia, Alzheimer's disease), and reduced mortality rates. 6, 7, [17] [18] [19] To achieve these benefits, the Centers for Disease Control and Prevention (CDC) recommends that older adults aged 65 years and older engage in ‡150 minutes of moderate intensity or ‡75 minutes of vigorous intensity PA per week in addition to muscle strengthening exercises at least twice a week (for falls prevention). 20 Despite the health benefits of PA in preventing disease and disability, improving physical function and mental health, as well as serving as an important preventive measure for minimizing cognitive decline, only about 40% of older adults meet the CDC guidelines for aerobic PA; only about 15% meet both the aerobic and muscle strengthening guidelines. 21 This compliance rate has remained consistent since these guidelines were adopted in the United States in 2008 and among older adults in other countries that recommend US guidelines. 5, 6, 12, 15, 18, 19 Most of the scientific literature has focused on the impact of moderate and vigorous intensity PA, extending the recommendations for middle-aged adults to older adults. 2 More recently, however, attention has focused on the benefits of light-to-moderate intensity PA as more likely to be adopted by older adults. [4] [5] [6] 9, [11] [12] [13] 16, 19 Several studies have questioned whether the CDC guidelines should be reevaluated as too high for older adults to achieve at the population level given that, with increasing age, older adults are often limited in their capabilities for moderate or high levels of PA. 6, 11, 13, 19, 22 Among those who do engage in moderate-level PA, only about 35%-40% do any vigorous activity. 5, 18 That PA intensity decreases with age is undeniable and well documented but, to date, has not been integrated into the CDC guidelines for older adult activity. 1, 11, 22, 23 The current aerobic guidelines of ‡150 minutes of moderate PA are recommended to achieve maximum benefits across a variety of health outcomes. Fewer studies have investigated the association of PA with health care utilization and expenditures; however, consistent with disease outcomes, lower inpatient utilization and health care expenditures have been associated with increased moderate/ vigorous PA. [24] [25] [26] [27] [28] Although the benefits of high PA levels for older adults are consistently demonstrated, the doseresponse relationship of PA with various outcomes also must be acknowledged: as PA increases (from sedentary to very active), most of the tested health outcomes likewise improve. [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] 18, 19, 24 Thus, although maximum benefits are generally achieved when guidelines are met, significant benefits are evident even with lower levels of PA.
Given this evidence, PA could be considered a beneficial health behavior for all but the sickest populations, promoting successful aging across a life span especially among older groups. 29 The concept of effective health management of older adult populations across a continuum of health from the very healthy to the very sick has recently gained attention. 29 As the populations aged 65 years and older continue to expand, understanding how best to provide quality of medical care delivery while controlling medical expenditures has become critical. 30 Currently, it is estimated that about 90% of those aged 65 years and older have at least 1 chronic condition; 50% have multiple chronic conditions. 31 Because these individuals often incur very high medical expenditures, many health insurance plans, including Medicare, devote considerable attention to managing current medical episodes and/or complex needs with numerous care management programs, including care coordination, case and disease management, or medication reviews. However, less attention is given to older adults who are currently healthy, either without chronic conditions or with well-managed chronic conditions. To effectively manage the health of a population, programs and services must be available to all levels of health. 29 Thus, healthier segments of the population would benefit from wellness and prevention strategies and an emphasis on lifestyle behaviors (eg, PA) that could assist in keeping them as healthy as possible as they age, improving quality of life with more years spent with minimal morbidity and/or disability. 32 Examinations of PA patterns and the health benefits of PA among older adults usually focus on those in various age ranges at the population level (eg, ‡50, 6,10,12,22,25 ‡60, 9,19 or ‡65 years 4.5,7,11,15 ). Medicare beneficiaries 4, 24, 26, 27 and health care expenditures 24, 26, 27 are less often the focus of this research. To date, the authors could find no published research studies investigating the prevalence of PA levels and the association with health benefits among older adults with Medicare Supplement plans (ie, Medigap). Although most (about 90%) of those with original fee-for-service Medicare coverage have some type of supplemental insurance coverage, about 28% (currently about 10.2 million adults) have purchased Medigap coverage. 33 Because this population may differ from general older adult and/or specifically Medicare populations, it was of interest to examine their PA patterns relative to national guidelines for older adults and to detail associated characteristics and health outcomes.
Thus, the primary objective of this study was to estimate the prevalence of defined PA frequency levels among AARP Medicare Supplement insureds and determine associated characteristics. A second objective was to document the benefits of increasing PA frequency levels on (1) the prevalence of common physical and mental chronic conditions, (2) health care utilization (ie, inpatient admissions and emergency room [ER] visits), and (3) medical and prescription drug expenditures. In addition, these objectives were considered across 3 age groups-65-69, 70-79, and ‡80 yearsto better understand the benefits of PA across the life span of older adults.
Methods

Sample selection
In 2015, *4 million Medicare insureds were covered by an AARP Medicare Supplement plan insured by UnitedHealthcare Insurance Company (for New York residents, UnitedHealthcare Insurance Company of New York). These plans are offered in all 50 states, Washington, DC, and various US territories. From September through December 2015, AARP Medicare Supplement insureds in 3 states (Missouri, New Jersey, and Washington) were randomly surveyed to screen for general health needs. To be eligible for this cross-sectional study, survey respondents were required to be at least 65 years of age, have a minimum of 3 months of AARP Medicare Supplement plan coverage pre survey completion, and have answered the PA question (N = 1169 excluded). To minimize the possibility of limitation-related physical inactivity, those who indicated they had trouble walking and reported 0 days of PA (N = 1067) or were in the top 1% of medical expenditures (N = 178; outliers) also were excluded. The final study sample included 17,676 survey respondents and was used to determine overall prevalence, characteristics, and health outcomes associated with PA. The age-related study objectives included stratification of this study sample by 3 age groups: 65-69 years (N = 5529), 70-79 years (N = 7873), and ‡ 80 years (N = 4274).
Survey
The general health needs survey (21 questions) was developed and validated in 2014 by UnitedHealthcare to screen for health status (eg, self-reported health status, number of prescription drugs, number of hospitalizations), physical health risks (eg, physical inactivity, difficulty with walking/balance, disabilities), mental health risks (eg, loneliness, depression, lack of social networks or support), health literacy, and willingness to participate in provided health programs.
Light-to-moderate PA levels were identified from survey responses to the following question: How many days per week do you get 30 minutes or more of light-to-moderate PA? Examples include walking, gardening, golfing, among others, with possible responses of 0-7 days per week. The survey was delivered via interactive voice response telephonic outbound calls from a designated list of 100,000 randomly selected insureds. Three PA levels were defined from the survey responses querying weekly frequency of light-to-moderate PA: low (0-2 days per week), intermediate (3-4 days per week), and high ( ‡5 days per week; aligned with CDC recommendations).
Outcomes
Prevalence of common chronic conditions. Nine common medical conditions used in calculating the Charlson Comorbidity Index (CCI) score 34 were defined from diagnoses codes in the health care claims: any malignancy, chronic obstructive pulmonary disease (COPD), dementia, diabetes (mild, moderate, or with chronic complications), heart problems (myocardial infarction, heart failure, peripheral vascular disease), liver disease (mild, moderate, or severe), renal disease, rheumatologic disease, or stroke. CCI is a measure of the risk of 1-year all-cause mortality attributable to selected comorbidities that also has been shown to be highly predictive of morbidity and health care expenditures. The validated 2-item depression questionnaire, Patient Health Questionnaire-2 (PHQ-2), was used to screen for depression. Scores of 2 and ‡3 were categorized as subthreshold depression and depression, respectively. 35 Health care utilization and expenditures. Health care utilization was defined from medical claims as an inpatient admission or ER visit within 1 year pre survey completion. Health care utilization is shown as an annual rate percentage. Health care expenditures were defined as paid claims per member per month (PMPM) US dollars from the same time period aggregated from Medicare, Medicare Supplement, and patient out-of-pocket paid amounts. Prescription drug expenditures included AARP Medicare Rx paid claims and patient co-payments for those also enrolled in an AARP Medicare Part D prescription drug plan, insured by UnitedHealthcare: N = 9474; 54% of the overall sample.
Covariates. Covariates were included to characterize PA levels and to adjust for factors that may influence the prevalence of chronic conditions, health care utilization, and expenditures. These covariates included measures of demographics, socioeconomic factors, health status, and other characteristics taken from health plan eligibility and administrative medical claims.
Demographics. Demographic questions included age and sex. Age groups were defined as 64-69, 70-79, ‡80 years. Living in urban and other locations and high, medium, or low minority areas were geocoded from zip codes. AARP Medicare Supplement plan types were grouped by cost-sharing levels, including high-level coverage plans with no co-payments or deductibles (plans C, F, and J), mediumlevel coverage (plans B, D, E, G, H, I, and N) and low-level coverage (plans A, K, and L). Other survey covariates included caregiver status, need to stay at home, family/friend social support status, number included in social networks, and willingness to participate in health programs.
Loneliness score. Loneliness was measured using the validated University of California-Los Angeles (UCLA) 3-item scale with responses never/hardly ever, some of the time, and often. 36 The questions were scored 1-3 and then summed to a score ranging from 3 to 9. Loneliness was subsequently categorized as no loneliness (score = 3), moderate loneliness (score = 4 or 5), and severe loneliness (score = 6-9).
Self-reported number of prescription drugs. The number of prescription drugs taken by the individual was selfreported on the survey as a continuous variable: how many different prescription drugs do you take each day? The number of prescription drugs was subsequently categorized as 0 prescription drugs, 1-3 prescription drugs, 4-6 prescription drugs, or ‡7 prescription drugs.
Health literacy. Health literacy was measured with the single validated question asking for confidence level in filling out medical forms. 37 The demographic, socioeconomic, and health status covariates considered are listed in Table 1 .
Statistical models
Propensity weighting was used to adjust for potential selection bias often associated with survey response to enhance the generalizability of these findings. The propensity weighting utilized available information about the aforementioned demographic, socioeconomic, and health status variables that could potentially influence survey response. This information was used to estimate the underlying probability of survey response for each individual. That estimated probability was then used to create and apply a weighting variable to the data to make those who did respond better resemble all eligible insureds who received the survey. The utility of such propensity weighting models to adjust for external validity threats is described elsewhere. 38, 39 Characteristics associated with PA frequency levels were determined using multivariate logistic regression models for high and intermediate versus low levels of PA weighted to adjust for survey nonresponse. Covariates included all of those variables listed in Table 1 . The prevalence of common physical and mental medical conditions was determined and regression adjusted for low, intermediate, and high PA levels (overall and by age subgroups). Health care utilization (inpatient admissions and ER visits) and health care expenditures (medical and prescription drugs) for low, intermediate, and high PA levels (overall sample and by age subgroups) were determined and regression adjusted for demographic, socioeconomic, and survey response variables.
Results
Overall, 20,211 AARP Medicare Supplement insureds in the 3 states responded to the survey (20.2% response rate). Of these, 17,676 (87.5%) met the eligibility criteria and were included in the study. Survey respondents were mostly female, 70-79 years of age, white (low minority), and reported much better health than others. Among survey respondents, the prevalence of low, intermediate, and high PA levels was 23.3%, 33.9%, and 42.9%, respectively (Table 1) . Missing, state of residence, urban/rural location, and health plan types also were included as covariates but not shown for brevity. PA, physical activity; PHQ-2, Patient Health Questionnaire-2 (2-item depression screen); UCLA-3 Loneliness Scale, University of California-Los Angeles-3 item Loneliness Scale.
Characteristics associated with PA frequency levels: high and intermediate versus low
The strongest characteristic of high and intermediate PA frequency levels was self-reported better health (Tables 2  and 3 ). Other characteristics associated with high and intermediate PA levels included being male, younger (<70 years), white (low minority), using fewer prescription drugs, and being less likely to be diagnosed with common physical (ie, diabetes, renal disease, liver disease, COPD) and mental (ie, dementia, depression) medical conditions.
Association of PA frequency levels with prevalence of common physical and mental conditions
There was a significant association of PA frequency with the reduced prevalence of 6 of the 9 common physical and mental conditions measured. COPD, diabetes, heart problems, and renal disease showed dose-response relationships with significantly lower prevalence as PA increased (Table 4). For dementia and liver disease, only high levels of PA significantly reduced the prevalence of these conditions. Depression, measured from the PHQ-2, was lower for those with high or intermediate PA compared to those with low PA.
Across age groups, PA frequency was associated with each of these physical and/or mental medical conditions, although relationships varied by disease. The prevalence of diabetes showed the strongest dose-response relationship with PA frequency across all 3 age groups; as PA increased, diabetes significantly decreased. Reduced dementia was most strongly related to high PA for all age groups. Depression was lower with both intermediate and high PA for those aged 65-69 and 70-79 years but only lower for high PA for those aged ‡80 years.
Association of PA frequency levels with health care utilization and expenditures
There was a dose-response relationship for health care utilization for inpatient admissions and ER visits (all level comparisons significant) across all PA frequency levels ( Table 5) . A similar dose-response relationship was evident for paid medical and drug expenditures (all level comparisons significant): as PA frequency increased, medical and drug expenditures significantly decreased (Table 5 and Fig. 1) . High levels of PA demonstrated the largest association with utilization and expenditures compared to low levels (inpatient admissions -4.0%; ER -3.7%; medical expenditures -$201 PMPM; prescription drug expenditures -$78 PMPM). Intermediate levels of PA were associated with significantly lower utilization and expenditures compared to low PA but were not as impactful as high PA levels (inpatient admissions -2.4%; ER -1.4%; medical expenditures -$118 PMPM; prescription drug expenditures -$45 PMPM). Similar dose-response relationships for high and intermediate PA frequency levels with health care utilization and expenditures held across age groups 65-69 and 70-79 years but generally were not significant for those aged ‡80 years (with the exception of inpatient admissions).
Discussion
In this study's population of AARP Medicare Supplement insureds, 23.3%, 33.9%, and 42.9% were engaged in low, 20 for older adults for ‡150 minutes of moderate PA per week. This compliance rate is in general agreement with benchmarks for those meeting aerobic recommendations published in the National Interview Survey Report (2012) for light-to-moderate PA: 39% of older adults aged ‡65 years with Medicare private insurance. 21 However, compliance rates with US CDC guidelines among older adult populations in the United States as well as in other countries, regardless of precise older age groups ( ‡50, ‡60, or ‡65 years), generally range from 35% to 45%. 5, 12, 18, 22, 23 Overall, those engaged in intermediate and high frequency levels of PA in this study population were more often male, younger, white, healthier, taking fewer prescription drugs, and had a lower prevalence of common chronic conditions and depression, consistent with other studies. 1, 22, 23 As expected, high levels of PA steadily decreased across age groups: 65-69 years, 46.0%; 70-79 years, 43.9%; and ‡80 years, 37.0%. The strongest predictors of intermediate and high frequency levels of PA were self-reported slightly better or much better health status. Also supporting this assessment of physical health were lower probabilities for diagnosed diabetes, renal disease, dementia, COPD, and liver disease, as well as self-reported lower numbers of prescription drugs. Those engaged in higher levels of PA also were characterized by better mental health, including lower depression and loneliness, more family support, and being less likely to stay in their house. These characteristics reflect well-documented associations of PA among older adults with physical, mental, and social health and well-being. [1] [2] [3] 16, 22, 23 In cross-sectional study designs such as this, the question arises whether older adults are more physically active because they are healthier or they are healthier because they are more physically active. The PA scientific literature has resolved this issue with many of the health outcomes with 9-to 13-year prospective studies, 4, 7, 14, 16, 17 in which older adults with similar characteristics at baseline are followed with periodic assessments over time. In these studies, those who remained physically active benefited with lower cardiovascular disease, 4 better physical function and balance, 14 reduced cognitive decline, 16 and decreased mortality rates. 7, 17 So although this study can only report associations of PA with improved health outcomes, the supporting literature would indicate that although some may be active because of better health, PA is also an important preventive strategy associated with positive health outcomes over time. Furthermore, evidence on study populations stratified on disabilities or limitations of various descriptions indicates that older adults with limitations continue to be physically active at rates only slightly reduced from those with no limitations, even if the type of activity may change. 22 In this study population, diabetes was associated with the strongest dose-response relationship with frequency levels of PA of the chronic conditions tested, overall and across age groups (Table 4 ). Heart problems were related to PA levels but not as strongly and only for intermediate and high PA versus low levels. The expectation for a strong association of PA with heart disease may be a reflection that many of the published cardiovascular/PA studies have been completed among middle-aged adults rather than older adults. 4, 5 In agreement with other studies, lower prevalence rates for dementia were associated primarily with high levels of PA (overall and for 65-69 and ‡80 age groups). 15, 16 In contrast, any amount of PA beyond low levels apparently reduced the prevalence of depression for all ages. 8, 9 Few PA studies associated with Medicare populations have utilized administrative medical and prescription drug claims data 24, 26, 27 ; to date, none with Medicare Supplement insureds. In the present study, inpatient admissions and ER visits were associated with a significant dose-response relationship across PA frequency levels. Similarly, medical and prescription drug expenditures also were associated with a strong dose-response relationship across PA levels (all comparison levels statistically different; Table 5 and Fig. 1 [25] [26] [27] Although health benefits and improved quality of life continue to be the focus of many PA studies, the medical expenditure benefits are noteworthy.
The relationship of PA with the various outcomes is remarkably robust. There is little consistency in PA metrics in the literature with various questions utilized and intensity levels queried (eg, light, moderate, light-to-moderate, moderate-to-vigorous, vigorous) and even less consistency in the definition and numbers of levels defined (eg, active/ nonactive; recommended, insufficiently active, inactive; low, intermediate, and high, <150 minutes, ‡150 minutes). 1, 6, 11, 22 Most often, PA is self-reported; however, accelerometers and pedometers also have been used to objectively measure PA intensities and frequency levels. 4, 9, 13 Yet, despite the differences in metrics across studies, the characteristic doseresponse relationship for PA is generally evident regardless of the health outcome chosen. [4] [5] [6] 9, [11] [12] [13] 19 In a review of PA interventions, 2 older adults generally responded to similar PA programs (eg, classes, fitness centers) 2, 26, 27 and technologies (eg, pedometers 40 ) used for younger and middle-aged adults. If there are differences, older adults may be more conscientious in attendance in multiweek interventions.
2 However, once programs ended, the benefits of increased PA tended to dissipate relatively quickly. 2, 7, 40 Nevertheless, if $1500 to $2000 could be realized by engaging more individuals in higher levels of PA, funding for interventions or public health messaging should be possible. Other general strategies to increase PA in older populations have focused on built environments (eg, walkable cities), health education (promoting positive messaging), and recommendations from health professionals (especially physicians) in assessing and increasing awareness of the importance and benefits to older adults. 7 This study population of AARP Medicare Supplement insureds may not generalize to all older adults or other Medicare Supplement beneficiaries. Although the survey was adjusted for nonresponse, the response rate at 20% was relatively low and included insureds in only 3 states. The PA question queried self-reported days per week of light-tomoderate PA, although much of the PA literature focuses on moderate-to-vigorous PA. Although this study's results are consistent with those findings, individual interpretations of light or moderate activity may lead to some misclassification (ie, over-or underestimating PA frequency levels). Given the consistent dose-response relationships across several outcomes evident in the present study findings, the authors consider this limitation to be minimal. Strengths of the study include a relatively large study population assessing light-to-moderate activity levels, which may be more appropriate for older adults, and uniquely incorporating administrative medical and prescription drug claims data augmenting the self-reported survey results.
Conclusions
Overall, about 78% of the AARP Medicare Supplement insured study population was engaged in intermediate or high levels of light-to-moderate PA; however, only 42.9% met CDC PA guidelines. The strongest predictors of intermediate or high frequency levels of PA included being male, younger, self-reporting better health, taking fewer prescription drugs, and being less likely to be diagnosed with common chronic conditions or depression. Those engaged in intermediate or high levels of PA generally had lower prevalence of common chronic conditions, significantly lower utilization of inpatient admissions and ER visits, and significantly lower medical and prescription drug expenditures. The benefits of recommended levels of PA are evident; however, the strong dose-response relationship of PA with health outcomes would indicate, especially for older adults, that PA of all levels and intensities is beneficial. The adaptability of various types of PA to older adults' ranges of physical capabilities recommends the behavior as a consideration in population health management strategies. Increased levels of PA across all older age groups have the potential for numerous health benefits and should be encouraged.
